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The ecological tolerances of Neandertals, their ability to subsist in the dense forests of full 
interglacials, and their capacity to colonize northern latitudes are the subject of ongoing debate. 
The site of Hollerup (northern Denmark) lies at the northern extreme of the Neandertal range. 
Dated by various techniques to the Eemian interglacial (MIS 5e), this site has yielded the 
remains of several purportedly butchered fallow deer (Dama dama). Taphonomic reanalysis of 
the remains from Hollerup and a handful of other Eemian-aged fallow deer skeletons cast doubt 
on the interpretation that they were humanly modified. We place this revised conclusion into the 
wider context of human settlement of southern Scandinavia during the Eemian. Other claims of 
Neandertal presence in the region rest on candidate Middle Paleolithic artifacts, all of which 
derive from surface contexts. With the fallow deer material removed as a secure indicator of 
Neandertal settlement of Denmark during the last interglacial, this lithic material must be viewed 
with renewed skepticism. While ecological and/or topographic factors may have played an 
important role in preventing Neandertals from penetrating into peninsular Scandinavia, we 
caution that geological, taphonomic, research-historical, and demographic factors may have 
significantly distorted our picture of their occupation in this region. 
 







The nature and timing of the human colonization of northern Europe (up to and beyond about 
50° N) during the Pleistocene is a matter of debate (Roebroeks 2006; Hublin and 
Roebroeks 2009; Hosfield 2011; Roebroeks et al. 2011). While this issue is critical for 
establishing the eco-cultural tolerances of Pleistocene human groups, explanations of why 
particular regions were colonized as they were depend heavily on what Roebroeks (2006, 425) 
calls “getting the pattern ‘right’”; that is, the establishment of robust chronologies and reliable 
presence/absence data. 
 
One of the more intriguing subplots in this debate surrounds Neandertal settlement of northern 
latitudes. Neandertals are generally considered to have been the first to establish a durable 
presence in a variety of northern temperate environments (Hublin and Roebroeks, 2009). Indeed, 
the Neandertal world has recently expanded, as DNA analyses suggest their presence as far east 
as Siberia (Krause et al. 2007), and the discovery of possible late Middle Paleolithic finds may 
place them just south of the Arctic Circle (Slimak et al. 2011, 2012; but see Zwyns et al. 2012). 
These new data and the debate over how Neandertal populations responded to environmental 
changes illustrate the difficulty of defining their range and how it fluctuated over time (van 
Andel and Davies 2003; Stewart 2005; Hublin and Roebroeks 2009; Dennell et al. 2011; 
Finlayson 2004). 
 
One issue in particular that generated a great deal of discussion was Neandertals’ ability to 
successfully handle fully interglacial, and arguably densely forested, European environments 
(e.g., Roebroeks et al. 1992; Gamble 1987). This question appears to have been settled, at least 
for the Eemian interglacial (corresponding to Marine Isotope Stage [MIS] 5e, ca. 127–115 kya 
[thousand years ago]; Brauer et al. 2007), as Neandertal presence in and adaptation to such 
habitats is attested at a small number of sites throughout the central and (to a lesser extent) 
western parts of northern Europe (Gaudzinski-Windheuser and Roebroeks 2011; see Fig. 3). It 
has even been argued that the general paucity of sites dating to MIS 5e reflects preservational 
biases rather than a true dearth of Neandertal settlement (Roebroeks and Speelers 2002). Recent 
research indicates that Neandertals in fact exploited a wide variety of environments during this 
time period, including rugged mid-altitude habitats (Daujeard et al. 2012) and coastal areas 
(Stringer et al. 2008; Hijma et al. 2012), the latter possibly as major colonization routes (Cohen 
et al. 2012). Nevertheless, Neandertals do appear to be absent in large parts of northern Europe 
during the Eemian, most notably Britain (Lewis et al. 2011). 
 
This growing appreciation of Neandertal adaptability and colonization capabilities encourages a 
shift away from continent-wide, blanket explanations for presence/absence and towards more 
detailed, regionally specific scenarios that invoke factors beyond dichotomies such as forest 
versus steppe. Southern Scandinavia, and the area of present-day Denmark in particular, 
potentially offers unique insight in this context: the Jutland peninsula extends from just below 
55° N at the modern German-Danish border to about 57.75° N at its present-day tip. It represents 
a natural extension of continental Europe and served as a colonization corridor for plants and 
animals alike throughout the Pleistocene (Aaris-Sørensen 2009; Donner 1995). Whether, and to 
what extent, humans participated in these events is less clear. 
 
Claims that Scandinavia was occupied before the last (Weichselian, ca. 115–11.7 ka) glaciation 
have been made since the early twentieth century, most notably by Danish geologist Nicolaj 
Hartz (1909) and Swedish antiquarian Oscar Montelius (1921). Within a Victorian framework, 
the anthropologist Hans Peder Steensby (1908, 1911) suggested that modern humans descended 
from “noble Neandertals” and that evidence for such an ancestry was found among 
contemporary Danish populations. This was embraced by Nobel laureate Johannes V. Jensen 
(1910) who considered, among others, the famous poet Hans Christian Andersen as an exemplar 
of this Neandertal heritage. Jensen was thus instrumental in popularizing and romanticizing the 
idea of a noble Scandinavian ancestry, which in turn had a lasting effect not only on the popular 
imagination but on scientific research within the growing field of Scandinavian prehistoric 
studies (Kjærgaard 2013). 
 
While the earliest generally accepted dates for the human settlement of Scandinavia currently lay 
at the end of the Weichselian (Riede 2009; Brinch Petersen 2009; Mortensen et al. 2009), 
whether or not pre-modern humans ever ventured into the region remains contested. In fact, this 
issue has cultivated a rather lively (and sometimes acrimonious) exchange among both 
professional and amateur archaeologists about lithic material thought by some to be of Middle or 
even Lower Paleolithic manufacture and by others to be implements of Mesolithic or later age 
(Johansen and Stapert 1996). Debate on a pre-modern human settlement continues, with the 
contested hearth and modified pieces of wood from Laduholmen in Sweden (Heimdahl 2006) 
and purported Middle Paleolithic tools from Eemian-aged deposits at Susiluola Cave in Finland 
(Schultz 2002, 2007, 2010; Schultz et al. 2002; but see Pettitt and Niskanen, 2005) being the 
most recent cases. One common criticism of the Danish lithic material in particular is that none 
of the finds are associated with secure stratigraphic contexts and/or dates. 
 
The site of Hollerup (56.40° N, 09.78° W) in northern Denmark is unique in that the evidence for 
a pre-modern human occupation comes not from lithics but from purportedly butchered animal 
bones that derive from a relatively well-dated stratigraphic context. In 1955, zoologist Ulrik 
Møhl-Hansen, then a conservator at the Zoologisk Museum (Statens Naturhistoriske Museum, 
Københavns Universitet) in Copenhagen, published a paper entitled Første sikre spor af 
mennesker fra interglacialtid i Denmark: Marvspaltede knogler fra diatoméjorden ved Hollerup 
or, in English, The first definitive traces of Man from interglacial times in Denmark: Marrow-
split bones from diatomite deposits at Hollerup. In this paper, Møhl-Hansen contended that at 
least one, and perhaps several, fallow deer (Dama dama) skeletons recovered from Eemian-aged 
lake deposits at Hollerup had been broken open by humans for marrow. The study in fact 
originated as an osteological comparison of medieval fallow deer (which, having gone extinct in 
Demark, were reintroduced to the country during those times) with those from Hollerup. Before 
this comparison could be carried out, however, some of the long bones from Hollerup needed to 
be glued together. Møhl-Hansen concentrated first on a nearly complete female skeleton that he 
referred to informally as Find V (or Hollerup V)1. After refitting the long bone fragments, he 
noticed four things. First, the breaks on the bones appeared to be ancient and not the result of 
excavation or curation. This was considered odd, as Møhl-Hansen thought it unlikely that bones 
would be broken naturally after being deposited in a quiet lakebed. Second, some of the bone 
surfaces were flaked away around the areas where the breaks had apparently been initiated, 
which suggested that concentrated blows had been applied to those bones. The third observation 
was the remarkable symmetry in the way some bones from opposite sides of the animal had been 
broken (Fig. 1). Finally, Møhl-Hansen noted general similarities in the breakage patterns 
 
1 Møhl-Hansen (1955) referred to each fallow deer find analyzed in his study sequentially, based on the year of 
discovery, from I to XIV. Although this numbering system is followed here for the sake of comparison, the finds 
carry official catalog numbers in the Zoologisk Museum. 
documented on the Find V skeleton relative to those seen on what he interpreted to be marrow-
broken bones from Mesolithic and Neolithic sites as well as the refuse of recent Greenlandic 
hunters (Fig. 2). Although he was careful to note that no stone tool cutmarks were identified, it 
was finally concluded that only human behavior could explain the bone breakage and its 
symmetrical patterning and, therefore, Find V represented an animal whose long bones had been 
broken open by humans to access the marrow. Other fallow deer finds from Hollerup in addition 
to a handful from Ejstrup, Egtved, Raagelund, and Seest were then examined. Eventually, Møhl-
Hansen then suggested that Find I, from Hollerup, was likely marrow fractured and, with less 
conviction, that Find III (Hollerup), Find VIII (Egtved), and Finds IX and XIV (both from 
Hollerup) may also have been exploited by humans. Given the inferred Eemian age of the 
Hollerup finds, he identified Neandertals as the likely culprit. 
 
 
Fig. 1. Bones from Find V showing breakage patterns. Numbers 3, 4, 8, and 9 were refit and glued together. One-
third natural size. After Møhl-Hansen (1955, Fig. 2) 
 
 
Fig. 2. Proximal radio-ulnae from Find V (middle) and from modern marrow-cracked reindeer from Greenland 
(left, right). Two-thirds natural size. After Møhl-Hansen (1955, Fig. 3a) 
 
While one might question Møhl-Hansen’s use of inferred, rather than known, marrow fractures 
as comparative samples, his analysis was significant for a number of reasons. First, with some 
notable exceptions (e.g., Pei 1938; Dart 1957), very few researchers at that time were analyzing 
bone breakage as a potential signature for early human behavior. Importantly, it was the first 
systematic presentation of data from a secure stratigraphic context to the question of Neandertal 
occupation in the region. As such, the study provided novel, well-reasoned, and stratigraphically 
controlled evidence for the first human presence not only in Denmark, but in all of northern 
Europe. It also temporarily reinvigorated research on the pre-modern human settlement of the 
region, as new claims were made and old ones resurrected in light of the allegedly secure 
evidence from Hollerup (Chapman and Chapman 1975, 42; Holm 1986, 76; Holm and 
Larsson 1995, 198–200; Becker 1971). In fact, several of the original Hollerup specimens are 
still on display at various museums throughout Denmark as evidence for a Neandertal presence 
in the country. 
 
In 1992, an additional fallow deer individual was unearthed at Hollerup. The find, a ca. 3-month-
old calf, was examined for butchery marks but no evidence for human intervention was detected 
(Björck et al. 2000, 523). The 1992 find also stimulated a reanalysis of the Find V material, with 
Björck et al. (2000, 524) concluding that no butchery marks or carnivore tooth marks were 
present, although they did leave open the possibility that humans had visited the site. As it stands 
then, contentions that the Hollerup material was exploited for marrow by Neandertals represent 
the earliest evidence (the hotly contested Laduholmen and Susiluola Cave evidence not 
withstanding) for human presence in the whole of Scandinavia. Here, we present a 
comprehensive taphonomic analysis of ten Pleistocene-aged fallow deer finds from Denmark, 
including several listed in Møhl-Hansen’s (1955) original study, to determine if any were indeed 
butchered by humans. In doing so, this study (1) tests the broader hypothesis that humans were 
present in the region prior to the last Ice Age and (2) contributes to on-going debates of pre-
modern human colonization capabilities, especially in regards to Neandertal settlement of 
interglacial forests and coastal habitats. 
 
Materials and methods 
 
Geological context and historical background 
 
Hollerup is located between the modern towns of Ulstrup and Langå in north-central Jutland 
(Fig. 3). Commercial gravel and lime mining at the site in the late nineteenth and early twentieth 
centuries exposed thick sections of diatomaceous lake sediments (Fig. 4) where at least eight 
fallow deer finds were collected between 1897 and 1992 (Møhl-Hansen 1955; Hartz and 
Østrup 1899; Björck et al. 2000). While none of the remains were recovered through controlled 
excavations, their stratigraphic location was carefully recorded, which indicates that they all 
derive from a specific level within the 5 to 8.5-m-thick lacustrine deposits (Björck et al. 2000; 
Møhl-Hansen 1955; Hartz and Østrup 1899). The sediments are widely considered to be Eemian 
in age based on pollen and geological correlations (Björck et al. 2000; Kronborg et al. 1990; 
Andersen 1966; Jessen and Milthers 1928), being capped by Early Weichselian sands and Late 
Weichselian till and underlain by Saalian sands, gravels, and till (Fig. 5). Attempts to 
chronometrically date the lacustrine deposit via thermoluminescence produced dates between 77 
and 88 kya (Kronborg and Mejdahl 1989), which, using a shallow trap correction (Mejdahl and 
Funder 1994), result in Eemian ages of ca. 120 kya. Uranium-series dates do not contradict this, 
although the ranges produced by the samples vary between 89 and 199 kya (Israelson et 
al. 1998). No stone tools have yet been reported from Hollerup. 
 
Møhl-Hansen (1955, 102–104) lists fallow deer remains from four other locales: Ejstrup, Egtved, 
Seest, and Raagelund, the first three in south-central Jutland and the fourth on the island of Fyn 
(Figs. 3 and 5). Ejstrup is a gravel pit near the city of Kolding where two finds were made, one in 
1900 (Find II) within “bog-like” sediment during the construction of train tracks, and the other 
(Find VII) in 1917 from a “freshwater gyttja”. Find II was apparently a complete skeleton when 
originally uncovered, but only a handful of bones survived the tools of the workmen. The 
paperwork accompanying Find II in the Zoologisk Museum includes a short note by N. Hartz, in 
which he stated that “[t]he Ejstrup layer is certainly interglacial, full of fruits of Carpinus 
(hornbeam), which I have never found in postglacial layers in this country” (cited in Møhl-
Hansen, 1955, 103). Pollen and geological correlations indicate that the peat and gyttja sediments 
at Ejstrup are Eemian in age (Houmark-Nielsen 1987, 37–39), and thermoluminescence samples 
from the peat deposit returned a date of 103 kya (Kronborg 1983, 244). One find, a nearly 
complete skeleton, was made near the village of Egtved in 1925, although this material could not 
be located in the museum. Three finds were made at Seest, a small suburb of Kolding, one in 
1952 and two in 1954. Only the former, Find XI, was located in the museum collections. Little 
information is associated with this find other than reports of its recovery approximately 8 m 
below the surface (Møhl-Hansen, 1955, 104). The Raagelund find was made in 1936 at a gravel 
pit on the eastern outskirts of Odense, approximately 2 m below the surface in between a clay 




Fig. 3. a Map of Europe showing localities securely dated to MIS 5e (after Wenzel, 2007). b Map showing the 
location of Eemian-aged deposits in southern Scandinavia, including the fallow deer find sites mentioned in this 
study (Hollerup, Egtved, Ejstrup, Seest, and Raagelund), other significant terrestrial deposits without fallow deer 
remains (Brørup, Emmerlev klev, Spøttrup, and Margreteberg), sites with marine deposits (small circles), and 
reconstructed MIS 5e coastlines relative to present-day conditions (after Larsen et al., 2009). The dashed line marks 
the maximum extent of the Weichselian glacial advance. Fallow deer finds from secure MIS 5e contexts are shown 
in black, finds from secondary/less secure contexts in dark grey. Eemian-aged geological locales with marine 
deposits are shown by small circles (open deep marine sediments; closed shallow marine sediments). c Map 
showing the locations of all candidate Middle Palaeolithic finds discussed by Hartz (1986) and Johansen and Stapert 
(1996). 1 Gammelholm; 2 Villestrup; 3 Ejby Klint; 4 Vejstrup Ådal; 5 Karskov Klint; 6 Fænø; 7 Seest; 8 Vejstrup 
Skov; 9 Kalübbe; 10 Oldendorf; 11 Schalkholz; 12 Hemmingsted; 13 Jägerhook; 14 Ahrenshöft; 15 Joldelund; 
16 Drelsdorf. The cluster of finds in northwestern Germany just south of the Danish border (13–16, marked in dark 
grey) currently represents the northernmost verified Middle Palaeolithic artifacts in the study area as well as one of 
the northernmost Middle Palaeolithic locales in all of northwestern Europe. The age of this sizeable (<400 pieces) 
collection of lithics has been estimated to be Eemian (Hartz, 1986) or Early Weichselian (Hartz et al., 2012). Note 
the position of these finds to the west of the maximal extent of the Weichselian glacier, which contrasts with the 
distribution of candidate finds from Denmark 
 
 
Fig. 4. Overview of the Hollerup site and close-up of sediments (inset). Much of the original profile has collapsed 
and been subsequently covered by slopewash and vegetation (compare with Björck et al., 2000, Fig. 3) 
 
 
Fig. 5. Stratigraphic summary of fallow deer find sites. Data are from Houmark-Nielsen (1987), Israelson et al. 
(1998), Kronborg (1983), Kronborg and Mejdahl (1989), Mejdahl and Funder (1994), and Møhl-Hansen (1955) 
 
Table 1. Summary of Danish fallow deer finds 
Museum number Find number Site Year of discovery 
36.1897 I Hollerup 1897 
11.8.1900 II Ejstrup 1900 
?? III Hollerup 1904 
123.198 IV Hollerup 1906 
20.1.1913 V Hollerup 1912 
12.1915 VI Hollerup 1915 
122.198 VII Ejstrup 1917 
?? VIII Egtved 1917 
71.2011 IX Hollerup 1925 
7.1936 X Raagelund 1936 
17.1952 XI Seest 1952 
12.6.1954 XII Seest 1954 
?? XIII Seest 1954 
72.2011 XIV Hollerup ?? 
73.2011 XV Hollerup 1992 




Møhl-Hansen (1955, 102–104) listed a total of 14 fallow deer finds, seven from Hollerup (Finds 
I, III, IV, V, VI, IX, and XIV), two from Ejstrup (Finds II and VII), one from Egtved (Find VIII), 
one from Raagelund (Find X), and three from Seest (Finds XI, XII, and XIII). Of these 14, a total 
of ten (Finds I, II, IV, V, VI, VII, IX, X, XI, and XIV) were located in the Zoologisk Museum 
(where all the remains are currently housed) for analysis. The calf from Hollerup reported by 
Björck et al. (2000), referred to here as Find XV, was also included in the sample (Table 1), 
although the humerus listed in their report could not be located. Together, these 11 finds total 
665 bone specimens. 
 
Zooarchaeological and taphonomic variables 
 
The maximum length of each specimen was measured with digital calipers (to the nearest 
millimeter) or an osteometric board (to the nearest centimeter). Four zooarchaeological measures 
of abundance are utilized in this study: number of identified specimens (NISP), minimum 
number of elements (MNE), minimum number of animal units (MAU), and minimum number of 
individuals (MNI) (see Lyman 1994). MNE estimates took into account the size, side, and 
ontogenetic age of each skeletally identifiable specimen, and a manual overlap approach 
(Bunn 1986) was used to derive element counts. All specimens were identified to species when 
possible and, following Brain (1974), to size class. 
 
A systematic search for bone surface modifications was carried out on the faunas. All fragments 
were examined under a ×10–40 stereo microscope and a strong oblique light source 
(Blumenschine et al. 1996; Bunn 1981). Cutmarks, percussion marks, and carnivore tooth marks 
were identified following criteria outlined in Blumenschine et al. (1996, and references therein). 
Møhl-Hansen (1955, 119) was aware of cutmarks (snitmærker) and reported that none had been 
found on the Find V individual. He stated, however, that only the long bone ends of Find V were 
examined for cutmarks (because this is where they were typically found on the Mesolithic bones 
he examined), which implies that neither the remainder of the Find V skeleton nor the other finds 
were inspected for cutmarks. Møhl-Hansen (e.g., 1955, 110) also used the phrase “percussion 
marks” (slagmæker) in his study, but he was referring not to the microscopic pits and striations 
that are now known to be distinctive of hammerstone-assisted marrow fracturing (Blumenschine 
et al., 1996) but rather to macroscopic flaking and peeling around inferred impact points. In this 
analysis, four general categories of carnivore damage were recognized: (1) gnawing/furrowing, 
which involves sustained chewing of soft portions of bones and results in the partial or total 
destruction of those portions; (2) tooth pits, which are roughly circular in plan view and do not 
fully penetrate the thickness of the bone; (3) tooth scores, which are elongated (typically three or 
more times longer than they are wide); and (4) tooth punctures, which result when the bone 
collapses completely under the tooth and are characterized by distinct holes. 
 
While morphological criteria are essential to the correct identification of surface modifications, 
the anatomical placement of the mark and the sedimentary context from which the specimen 
derives also offer critical information. Such a “configurational approach,” where mark 
morphology and specimen context are taken into consideration, was practiced in this study (cf. 
Domínguez-Rodrigo et al. 2010). The location of surface modifications was recorded on digital 
templates in Adobe Photoshop and, further, were documented as occurring on the epiphyseal, 
metaphyseal (near epiphysis), or diaphyseal (midshaft) sections of long bones (Bunn 2001; 
Domínguez-Rodrigo 1997). Subaerial weathering was recorded on all specimens for which it 
could be confidently scored following Behrensmeyer (1978) (Table 2), although analysis was 
limited to adult non-cranial specimens that are over 5 cm in maximum dimension. For each 
scored specimen, weathering was recorded first at the location displaying the maximum 
weathering stage and, second, on the anatomical aspect directly opposite the maximum 
weathering stage. Other surface modifications such as rounding, sediment abrasion, burning, and 
gastric etching were also noted (Shipman 1981; Behrensmeyer et al. 1986; Fiorillo 1989; 
Lyman 1994). 
 
Table 2. Description of weathering stages used in the present analysis 
Weathering 
stage Description (cortical bone) Description (compact bone) 
1 Unweathered Unweathered, articular surfaces intact with no surface 
cracking 
2 Limited surface weathering; some 
longitudinal cracking 
Articular surfaces intact with some surface cracking 
3 Light surface flaking, deeper cracking Articular surfaces exhibit some deterioration, but >50 % of 
articular surface remains intact 
4 Patches of fibrous bone with moderate 
flaking and cracking 
Intact articular surface restricted to a few small “islands;” 
<50 % of articular surface remains intact 
5 Deep cracking and extensive surface 
flaking 
No articular surface area remains intact 
Descriptions from Behrensmeyer (1978) and Todd (1987) 
 
Reliable interpretations of bone surface modifications require some sort of analytical control 
over cortical preservation, and five categories of surface degradation were recognized: (1) 
exfoliation, which includes, but is not limited to, subaerial weathering damage; (2) a manganese 
precipitate (Fig. 6) that manifests as a dentritic crust overlying the bone surfaces; (3) smoothing, 
which reflects the degree to which sharp-edged breaks or anatomical features are rounded and 
thus rendered less discernable; (4) dentritic etching, or the presence of shallow grooves oriented 
in a dentritic pattern (the same modification is referred to in many studies as “root etching”); and 
(5) pocking (Fig. 7), where areas of the cortical surface have been obscured by semicircular 
dents. These categories are meant to assess the relative fidelity of bone surfaces only and 
therefore do not necessarily imply the action of any specific taphonomic agent. Following 
Thompson’s (2005) system, each modification type was scored for extent and severity. Extent 
reflects the amount of bone surface affected and was recorded in increments of 25 %: 0 (none of 
the bone surface covered), 25 (1–25 % covered), 50 (26–50 % covered), 75 (51–75 % covered), 
<100 (76–99 % covered), and 100 (entire surface covered). Severity measures the impact that 
each modification has on the bone surface and was scored subjectively from 0 to 3, with 0 
reflecting no impact whatsoever (i.e., surface degradation is completely absent and, by necessity, 
extent also equals 0), and 3 a great impact that nearly obliterates the bone surface. Only “well 
preserved” specimens with nutritive phase breakage (see below) are included in surface 
modification calculations, where “well preserved” is defined as an extent of 25 or less, regardless 
of severity (a specimen with 25 % or less of its surface affected will likely preserve surface 
modifications regardless of how severely that small surface area is affected) or an extent of 50 or 
less and a severity of 0 or 1. 
 
 
Fig. 6. Examples of low (top, thoracic fragment, 0–25 % coverage), moderate (middle, rib fragment, 25–50 % 
coverage), and high (bottom, scapula fragment, 75–99 % coverage) extent of surface coverage by magnanese 
precipitate on bones from Find V. All fragments exhibit a severity score of one, as the covering does not form a 
crust that would obsure surface marks. Photos by K. Hansen 
 
 
Fig. 7. Proximal rib fragment from Find IV showing example of pocking (arrows). Photo by K. Hansen 
 
Bone fragmentation was analyzed in several ways. The timing of fragmentation, either nutritive 
(“green” or “fresh”) or non-nutritive (“dry”), was estimated based on the frequency occurrence 
of three fracture features (Villa and Mahieu 1991): fracture angle (the angle formed by the 
cortical and fracture surfaces), fracture outline (relative to the long axis of specimen), and texture 
of fracture surface. Nutritive breakage tends to create oblique (obtuse or acute) fracture angles, 
curved or V-shaped fracture outlines, and smooth release surfaces (Johnson 1985; Villa and 
Mahieu 1991; Morlan 1984). Only fractures occurring on diaphyseal sections were scored for 
these features. Because they have not been stained by the encasing sediments, recent breaks can 
typically be recognized by their distinct coloration. Those bones from Find V that had been glued 
together (either during previous analyses or for museum displays) were separated to reveal the 
fracture surfaces by exposing the pieces to acetone fumes for approximately 24 h. 
 
Specimens deriving from the six major long bones were coded following Bunn’s (1982) system 
as preserving <50, >50, or 100 % of the original diaphyseal circumference. Marean et al. (2004, 
82–85) show that experimental assemblages broken by humans and carnivores tend to be 
dominated by shaft fragments with less than 100 % of their circumference. They argue that the 
opposite pattern will be expressed when more identifiable (to element or taxon) long bone 
articular ends, which typically preserve sections of shaft that are complete in their circumference, 
are selectively collected and/or retained. This may reflect a more general bias, implying in turn 
that the assemblage is not representative of the taphoncoenose. Finally, a search for notches was 
carried out. Notches are arcuate features along the otherwise rectilinear outline of a fracture that 
result from nutritive phase breaching of long bone marrow cavities, usually by hammerstone-
wielding humans or the dentitions of carnivores. Notches occur in a variety of forms, from 
complete features with two inflection points and non-overlapping flake scars to incomplete 
features that lack one or both inflection points due to breakage (Capaldo and 
Blumenschine 1994). 
 
Osteometric measurements of the fallow deer remains follow the descriptions of von den Driesch 
(1976) and were recorded with digital calipers (to the nearest tenth of a millimeter) or an 
osteometric board (to the nearest centimeter). All measurements were taken three times, one day 
apart, and the average recorded. Paired element measurements from single individuals were 
averaged. Fallow deer dentitions were aged based on eruption schedules collated by Chapman 
and Chapman (1970) and molar wear codes defined by Brown and Chapman (1990). Wear codes 
are based on levels of dentine exposure on sloping enamel ridges, presence/absence of dentine 
linkages between cusps, presence of secondary dentine in the pulp cavity and, eventually, the 
eradication of infindibula. The most accurate and precise age estimates are derived from the 
combined wear scores of complete molar rows, although less precise estimates can be made 
based on isolated molars. The crown height of M1s was measured from the highest point on the 
mesial-buccal cusp (the protoconid following the terminology of Brown and Chapman, 1990, 




General assemblage composition 
 
Table 3 summarizes the general assemblage composition of the fallow deer finds. Although not 
all material could be confidently identified to species, there is no reason to suspect that the 
specimens represent anything other than fallow deer. Each individual find represents an MNI of 
one. Find V is a more-or-less complete skeleton with only a handful of phalanges, ribs, and 
compact bones missing, while the remaining finds show a much more incomplete representation 
of elements (Table 4). Because of this, Find V is treated separately in many of the analyses that 
follow. 
 
Table 3. General assemblage composition of the Danish assemblages by NISP 
Find D. dama Mammal size 2 Mammal unidentified Total 
I (Hollerup) 4 0 0 4 
II (Ejstrup) 7 0 0 7 
IV (Hollerup) 55 21 0 76 
V (Hollerup) 177 196 11 384 
VI (Hollerup) 13 1 0 14 
VII (Ejstrup) 24 0 0 24 
IX (Hollerup) 7 0 0 7 
X (Raagelund) 1 0 0 1 
XI (Seest) 1 0 0 1 
XIV (Hollerup) 1 0 0 1 
XV (Hollerup) 144 2 0 146 
Total 434 220 11 655 
 
Table 4. Skeletal part representation for the Danish assemblages 
  I (Hollerup) II (Ejstrup) IV (Hollerup) V (Hollerup) VI (Hollerup) VII (Ejstrup) IX (Hollerup) X (Raagelund) XI (Seest) XIV (Hollerup) XV (Hollerup) 
Element NISP MNE MAU NISP MNE MAU NISP MNE MAU NISP MNE MAU NISP MNE MAU NISP MNE MAU NISP MNE MAU NISP MNE MAU NISP MNE MAU NISP MNE MAU NISP MNE MAU 
Cranium 1 1 1.0 3 1 1.0 22 1 1.0 34 1 1.0 1 1 1.0 4 1 1.0 0 0 0.0 1 1 1.0 0 0 0.0 0 0 0.0 18 1 1.0 
Mandible 0 0 0.0 1 1 0.5 0 0 0.0 32 2 1.0 0 0 0.0 1 1 1.0 3 2 1.0 0 0 0.0 0 0 0.0 0 0 0.0 10 1 0.5 
Hyoid 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 
Cervical vert. 0 0 0.0 1 1 0.14 12 7 1.0 41 7 1.0 1 1 0.14 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 4 3 0.43 
Thoracic vert. 0 0 0.0 0 0 0.0 11 10 0.77 23 10 0.77 0 0 0.0 1 1 0.08 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 11 7 0.54 
Lumbar vert. 0 0 0.0 0 0 0.0 0 0 0.0 8 3 0.6 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 13 5 1.0 
Sacrum 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 2 1 1.0 
Rib 0 0 0.0 0 0 0.0 25 10 0.38 67 9 0.35 1 1 0.04 16 9 0.35 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 2 1 0.04 
Scapula 0 0 0.0 0 0 0.0 0 0 0.0 21 2 1.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 
Humerus 2 1 0.5 0 0 0.0 0 0 0.0 21 2 1.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 
Radio-ulna 1 1 0.5 1 1 0.5 0 0 0.0 8 2 1.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 
Carpal/tarsal 0 0 0.0 0 0 0.0 0 0 0.0 4 4 0.36 2 2 0.18 0 0 0.0 3 3 0.27 0 0 0.0 0 0 0.0 0 0 0.0 3 3 0.27 
Metacarpal 0 0 0.0 1 1 0.5 1 1 1.0 6 2 1.0 3 2 1.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 
Innominate 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 4 2 1.0 
Femur 0 0 0.0 0 0 0.0 0 0 0.0 2 1 0.5 2 1 0.5 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 8 2 1.0 
Tibia 0 0 0.0 0 0 0.0 0 0 0.0 10 2 1.0 3 2 1.0 0 0 0.0 1 1 0.5 0 0 0.0 1 1 0.5 1 1 0.5 0 0 0.0 
Metatarsal 0 0 0.0 0 0 0.0 0 0 0.0 5 2 1.0 1 1 0.5 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 4 2 1.0 
Phalanx 0 0 0.0 0 0 0.0 0 0 0.0 7 7 0.29 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 3 3 0.13 
Total 4 3 0.02 7 5 0.04 71 29 0.22 289 56 0.42 14 11 0.08 22 12 0.09 7 6 0.05 1 1 0.01 1 1 0.01 1 1 0.01 82 31 0.23 
Carpal/tarsal includes lateral malleolus, calcaneous, and astragalus; cranium includes isolated teeth and antlers 
Assemblage integrity and preservation 
 
None of the fallow deer finds derive from systematic excavations. Most remains were unearthed 
during mining and/or construction operations and, once bone material was encountered, workers 
were often asked by an overseer to collect as many pieces as possible. In some cases, workers 
were even paid to salvage bones and were therefore motivated to do so as systematically as 
possible. As the assemblage of Find V from Hollerup (and presumably Find II from Ejstrup) 
shows, this collection strategy could result in the recovery of relatively complete skeletons and 
very small fragments. Nevertheless, the circumstances under which the fallow deer finds were 




Fig. 8. Histogram showing frequency occurrence of fragment sizes for (a) Find V and (b) the other fallow deer finds 
combined. Numbers atop bars indicate raw counts. Counts exclude specimens with recent breakage 
 
  
Table 5. Frequency occurrence of long bone shaft circumference types in the Danish 
assemblages and in an experimental assemblage of fresh-broken bones 
  Find V Other finds combined Experimental 
Circumference type NISP % NISP % NISP % 
<50 % 34 65.4 2 8.7 572 86.8 
>50 % 5 9.6 0 0.0 45 6.8 
100 % 13 25.0 21 91.3 42 6.4 
Total 52 100.0 23 100.0 659 100.0 
Experimental data from an assemblage of long bones broken by hammerstone and subsequently ravaged by hyenas. 
Hammerstone-only and carnivore-only experimental assemblages show nearly identical frequencies of 
circumference types (see Marean et al., 2004, Fig. 5) 
 
 
Fig. 9. Costal cartilage (left) and sternal element (right) from Find V. Photo by K. Hansen 
 
Figure 8 demonstrates that the assemblages are clearly deficient in small specimens, which 
would be expected in a sample biased towards larger, more complete, and easier to notice 
fragments. The one exception to this is the Find V skeleton, which is represented by many small 
fragments. All of the assemblages except, again, Find V, are dominated by long bones preserving 
100 % of their original diaphyseal circumference (Table 5). The preservation of the fallow deer 
remains from Hollerup is generally excellent, as even low-density elements like sternal and 
costal pieces (Fig. 9) and the epiphyses of the calf’s long bones are preserved (see Björck et 
al., 2000, 523). The preservation of material from the other locales is more variable (Fig. 10). In 
terms of cortical surface preservation, a majority of specimens are affected to some extent by 
manganese precipitate, although most pieces show <50 % cortical coverage and low severity 
(Fig. 11). The only other factor affecting cortical surface preservation in the Find V assemblage 
is a single instance of smoothing (extent = 25; severity = 1) on a femoral shaft fragment. 
Smoothing (n = 1; extent = 25; severity = 1), dendritic etching (n = 4; extent = 25, severity = 1), 
exfoliation (n = 2; extent = 25; severity = 1), and pocking (n = 1; extent = 25; severity = 3) are 
relatively uncommon in the remaining assemblages. 
 
 
Fig. 10. Lateral view of a left tibia from Find XI showing poor preservation. Photo by K. Hansen 
 
 
Fig. 11. Histograms showing frequency occurrence of extent and severity of manganese precipitate coverage for 
Find V (a and b) and the other fallow deer finds combined (c and d). Numbers atop bars indicate raw counts. Counts 
include all specimens regardless of breakage type 
 
Bone surface modifications 
 
A total of four marks, all of them from Find V, were identified as possible cutmarks or 
percussion marks. Mark 1 (Fig. 12), a series of striations on a rib fragment, is the most 
interesting and complicated. The individual grooves (labeled A, B, C, and D in Fig. 12) possess 
V-shaped cross-sections, although they lack the microstriations within their walls that are 
characteristic of stone tool cutmarks. Also unusual for true cutmarks are the shallow striations 
(marked by the arrow in Fig. 12) that abandon main groove B at an oblique angle. Finally, 
groove A and portions of grooves B and C display a coloration different from the surrounding 
cortical surface, which suggests that these marks, in whole or in part, were made subsequent to 
the specimen’s removal from the sedimentary matrix, perhaps by an excavation or curation tool. 
It seems likely that multiple processes, acting at different times throughout the specimen’s 
taphonomic history, were resposible for this set of marks. It is certainly possible, for example, 
that the excavation/curation damage partly obscured ancient marks. Groove B in particular could 
represent sediment abrasion (via trampling, for example), which is known to create marks simliar 
to groove B and the obliquely oriented striae that accompany it, although abrasion marks 
typically show a \_/-shaped cross-section, a sinuous/curved trajectory, and microstriations within 
the main groove (Domínguez-Rodrigo et al. 2009), all of which are lacking in groove B. 
Sediment abrasion is also characterized by numerous shallow, randomly oriented striae 
(Behrensmeyer et al. 1986; Domínguez-Rodrigo et al. 2009), which, while recalling the shallow 
striae attending groove B, are not seen elsewhere on the fragment nor on any other specimen in 
the Hollerup assemblages. The extremely fine-grained nature of the fossil-bearing horizon at 
Hollerup (Björck et al. 2000, 517–518) also argues against sediment abrasion as a significant 
factor. Stone tool butchery cannot be ruled out completely, but none of the marks can 
unambiguously be attribued to this activity. Mark 2 (Fig. 13) is made up of two pits. Pit A shows 
microstriations and associated crushing, both of which are typical of percussion marks. However, 
its presence on a rib fragment, which is not a regularly documented (though certainly not 
impossible) location for a percussion mark, that furthermore shows evidence of recent breakage 
leaves its identity in question. Microstriations are very atypical of tooth marks (Blumenschine et 
al. 1996, 496; Galán et al. 2009, 781), but given that nearby Pit B lacks microstriations, Mark 2 
may represent a series of tooth marks. Mark 3 (Fig. 14) and Mark 4 (Fig. 15), located on 
fragments of a radius and tibia, respectively, are extremely shallow, smooth-walled dents that 
lack both the crushing and microstriations of percussion marks. It has been shown that 
unmodified hammerstones in particular can create percussion marks without microstriations, but 
even these generate pits with clear evidence of crushing (Galán et al. 2009). Nor can Marks 3 
and 4 represent carnivore tooth marks, as tooth-on-bone contact too produces internal crushing 
(Blumenschine et al., 1996). In sum, none of the marks possess either the morphological or 
contextual features to confidently identify any of them as resulting from human butchery. 
 
 
Fig. 12. Overview and close-up (inset) of linear striations on a rib fragment from Find V. See discussion of Mark 1 
in text. Photo by M. MacNaughton 
 
 
Fig. 13. Overview and close-up (inset) of a surface mark on a rib fragment from Find V. See discussion of Mark 2 in 
text. Photo by M. MacNaughton 
 
 
Fig. 14. Overview and close-up (inset) of a surface mark on a radius fragment from Find V. See discussion of Mark 
3 in text. Photo by M. MacNaughton 
 
 
Fig. 15. Overview and close-up (inset) of a surface mark on a tibia fragment from Find V. See discussion of Mark 4 
in text. Photo by M. MacNaughton 
 
A total of nine specimens were found to bear carnivore tooth marks (Table 6 and Fig. 16), which 
includes the tooth-marked calcaneous from Find IX identified by Møhl-Hansen (1955, 117). 
Only four of the ten finds preserve evidence of tooth-marking. Regarding those four finds, and 
including only those specimens with good cortical preservation and nutritive breakage, tooth 
mark rates range from 9 to 67 % (Table 7). The weathering profile shows a preponderance of 
specimens that are unweathered or only slightly weathered (stage 1 or 2; Table 8 and Fig. 17). 
Two specimens, the femur fragment from Find V mentioned above and an antler fragment from 
Find X, show evidence for smoothing that may indicate fluvial abrasion (Andrews 1990; 
Shipman and Rose 1988). No evidence of burning was identified in any of the assemblages. 
 
Table 6. Descriptions of tooth-marked fragments from the Danish assemblages 
Find Element Tooth pits No. Location Tooth scores No. Location Gnawing Location 
I (Hollerup) Humerus Yes 9 Epiphysis No – – Yes Proximal epiphysis 
I (Hollerup) Radius No – – Yes 1 Midshaft No – 
IV (Hollerup) 1st rib, R Yes 7 Blade Yes 2 Blade No – 
IV (Hollerup) 1st rib, L Yes 6 Blade No – – No – 
IV (Hollerup) Metacarpal Yes 8 Proximal shaft Yes 13 Midshaft Yes Proximal epiphysis 
VII (Ejstrup) Rib Yes 1 Blade No – – No – 
IX (Hollerup) Tibia No – – Yes 1 Midshaft No – 
IX (Hollerup) Calcaneous Yes >10 Shaft Yes >10 Shaft Yes Proximal epiphysis 
R right, L left 
 
 
Fig. 16. Medial view of right radius from Find I (a), caudal view of right humerus from Find I (b), and anterolateral 
view of right metacarpal from Find IV (c) showing tooth marks (arrows) 
 
Table 7. Tooth mark frequencies in the Danish assemblages 
Find NISP TM Total NISP % TM 
I (Hollerup) 2 3 66.7 
IV (Hollerup) 4 27 14.8 
VII (Ejstrup) 1 11 9.1 
IX (Hollerup) 2 3 66.7 
Total 9 44 20.5 
Counts include only specimens with nutritive breakage and good cortical preservation (defined as an extent of 25 or 
less, regardless of severity, or an extent of 50 or less and a severity of 0 or 1) 
TM tooth mark 
 
  




Fig. 17. Histograms showing frequency occurrence of weathering stages for Find V (a) and the other fallow deer 
finds combined (b). Numbers atop bars indicate raw counts. Counts exclude teeth, non-adult fragments, fragments 
<5 cm in maximum length, and fragments with recent breakage 
 
Table 9. Frequency occurrence of fracture outlines and fracture angles in the Danish 
assemblages 
  Find V Other finds combined 
NISP % NISP % 
Fracture outline 
Curved/V-shaped 30 41.7 3 17.7 
Intermediate 12 16.7 3 17.7 
Curved/transverse 10 13.9 5 29.4 
Transverse 20 27.8 6 35.3 
Total 72 100.0 17 100.0 
Fracture angle 
Oblique 20 27.8 2 11.1 
Oblique/right 23 31.9 5 27.8 
Right 29 40.3 11 61.1 
Total 72 100.0 18 100.0 
 
Fig. 18. Percentage of a curved/V-shaped fracture outlines and b oblique fracture angles for three experimental 
scenarios of fresh-broken long bones (HC human–carnivore, C-only carnivore only, H-only human only), Find V, 
and the other fallow deer finds combined. Bars indicate bootstrapped 95 % confidence intervals. Experimental data 




Table 9 summarizes the breakage data from Find V and the remaining assemblages. The 
frequencies of curved/V-shaped fracture outlines and oblique fracture angles on long bone 
fragments fall far below those produced in experimental assemblages of fresh-broken bones 
(Fig. 18), which suggests that non-nutritive breakage played a significant role in fragmenting the 
skeletons post-depositionally. Another way to identify post-depositional fragmentation is to 
examine the completeness of compact bones, which are rarely broken in a nutritive state 
(Marean 1991). Therefore, in the absence of butchery marks, tooth marks, or burning, any 
fragmentation of these bones is likely to have resulted from non-nutritive processes. A total of 
four carpals and three tarsals are preserved in the Hollerup assemblages, and none show any 
evidence of nutritive phase modifications. Together, these specimens show a completeness index 
(see Marean, 1991) of 0.92, which suggests that some post-depositional fragmentation occurred. 
There are, nevertheless, indications that nutritive phase breakage did occur on some bones 
(Figs. 19 and 20). Post-fossilization and/or recent breakage was also documented, particularly on 
bones from Find V, as evidenced by the lack of sediment staining along the breakage surfaces 
(Fig. 20). Not a single notch, partial or complete, was identified among any of the skeletons. 
 
 
Fig. 19. Cranial (top) and lateral (bottom) views of distal humeri from Find V. Both appear to show the smooth 
fracture release surfaces, oblique fracture outlines, and oblique fracture angles characteristic of nutritive phase 
breakage. Photo by K. Hansen 
 
 
Fig. 20. Cortical (top) and medullary (bottom) views of a proximal tibia shaft fragment from Find V. The cortical 
view shows an example of the macroscopic flaking and peeling (oval) interpreted by Møhl-Hansen (1955) as an 
impact point. The medullary view shows a longitudinal breakage plane (arrows) that lacks the sediment staining of 
the surrounding surface, indicating that this particular fracture occurred well after the bones had been deposited and 




Appendix I summarizes osteometric measurements for the fallow deer samples. Other than a 
single distal tibia from Seest (Find XI), all the measureable material derives from Hollerup. In 
addition to samples from modern D. dama dama (European fallow deer) and Dama dama 
mesopotamica (Middle Eastern fallow deer), comparative data are drawn from the following 
sites: Neumark-Nord 1 (Germany), which is an Eemian-aged lake dated to approximately 
117 kya (Schüler 2010) with remains attributed to Dama dama geiselana; Swanscombe 
(England), where fossils referred to Dama dama clactoniana derive from Middle Pleistocene 
gravels thought to date to around 400 kya (Stringer and Hublin 1999); and Malpignano (Italy), a 
karstic cavity dating to the early stages of MIS 5 that also preserves the remains of D. dama 
clactoniana (Bologna et al. 1994). 
 
The Find V cranial material is complete enough to demonstrate that it represents an adult female 
individual. Like other samples of Pleistocene European fallow deer, the Find V female falls 
above the range of variation of modern D. dama dama in most measures, and it lies at the low 
end of the sample of females from Neumark-Nord 1 (Fig. 21 and Table 10). Small sample size 
prevents a systematic comparison of multiple measures to determine the sex of the other Danish 
finds. However, given that Find V is known to be female and estimates of sexual dimorphism for 
Middle Pleistocene samples fall between 8 and 15 % (Pfeiffer 1999), it is likely that Find VI and 
Find XIV represent males. Antler fragments, while they cannot necessarily be assigned to the 
other skeletal elements with which they were found, are present in the Find I, II, IV, VI, VII, and 
X assemblages. Taken as a whole, the Danish material lies consistently within the range of 
variation seen at Malpignano (samples sizes at this site were not large enough to provide separate 
statistics for presumed males and females), while it appears either indistinguishable or smaller 
than the samples from Swanscombe (again, small sample sizes precluded a separate treatment of 
males and females) and Neumark-Nord 1 (Fig. 22 and Table 10). 
 
Table 10. Results of single-sample t tests for osteometric differences between the Danish finds 
and modern and Pleistocene comparative samples 









Nord 1 (m) 
Neumark-
Nord 1 (f) 
Swanscombe Malpignano 
Scapula (GLP) 
Find V −1.19 3.26 −5.28 −0.47 −5.94 – −2.78 −0.45 
Scapula (BG) 
Find V −2.65 3.82 −6.28 0.57 −4.07 – −1.82 −0.46 
Scapula (LG) 
Find V −1.00 2.22 −7.32 0.57 −4.63 – −3.14 −0.68 
Humerus (Bp) 
Find V −1.51 3.64 −4.80 −0.44 −6.63 – – −1.57 
Humerus (Bd) 
Find I 0.66 3.51 −1.36 0.57 −2.20 – −0.90 0.42 
Find V −0.11 2.54 −1.85 −0.93 −3.22 – −1.57 0.42 
Radius (Bp) 
Find V −0.39 5.39 −3.81 −0.22 −4.47 −1.62 – −0.02 
Metacarpal (Bp) 
Find V −2.09 2.23 −2.50 −2.06 −5.58 −2.11 – −0.87 
Find VI 1.19 6.29 −0.72 6.27 −2.18 0.79 – 1.18 
Metacarpal (Bd) 
Find V −0.59 4.02 −2.24 −0.29 −4.28 −2.05 – −0.43 
Find VI 3.32 8.58 −0.09 6.37 −1.68 0.87 – 1.75 
Tibia (Bd) 
Find V −0.57 2.71 −1.80 −1.26 −3.61 −2.27 −3.32 – 
Find VI 1.16 5.26 −0.66 4.92 −1.91 0.22 −1.12 – 
Find IX −1.57 1.23 −2.45 −4.82 −4.60 −3.71 −4.59 – 
Find XI 1.04 5.09 −0.73 4.50 −2.02 0.05 −1.27 – 
Find XIV 1.76 6.14 −0.27 7.04 −1.32 1.07 −0.36 – 
Metatarsal (Bp) 
Find V −0.99 2.95 −2.13 −2.05 −3.37 −2.02 −1.24 −0.29 
Metatarsal (Bd) 
Find V 0.07 4.72 −2.55 1.27 −5.60 −2.01 −2.36 −0.93 
Find VI 3.32 9.34 −0.16 8.41 −1.72 0.81 −0.71 4.20 
 
 
Fig. 21. Comparison of glenoid fossa measures for Find V and comparative fallow deer samples. Boxes represent 
95 % confidence intervals. Comparative data from Pfeiffer (1999) 
 
Fig. 22. Osteometric measures of Danish fallow deer compared to means and 95 % confidence intervals of 




Two finds, Find V and Find IX, were complete enough to estimate age-at-death based on 
combined wear scores of complete molar rows. Molar rows in both individuals were fully 
erupted and showed relatively heavy wear. Using data from individuals of known age-at-death, 
Brown and Chapman (1990, 671) show that the association of age and combined wear score is 
best modeled by a curvilinear relationship. A multiple regression with age as the dependent 
variable was performed on Brown and Chapman’s (1990, Table IV) raw data, which resulted in a 
significant relationship (r 2 = 0.89, F = 132.13, p = 0.00) described by the third-order polynomial 
equation: 
 
Age = 6.925 + 0.121∗(combinedwearscore) + 0.008∗(combinedwearscore)2
− 0.0000194(combinedwearscore)3 
 
The combined wear score of 81 for Find V (based on the right mandible) and 78 for Find IX 
(based on the left mandible) result in age estimates (with 95 % confidence intervals) of 
61.47 ± 12.41 months (4.1–6.2 years) and 58.22 ± 12.31 months (3.8–5.9 years), respectively. 
Brown and Chapman’s (1990) study includes only a handful of older adults (there are three 
individuals over the age of five) so, all else being equal, this sample will probably underestimate 
the true ages of older individuals. Brown and Chapman (1990, 679) in fact note that older 
animals tend be aged less accurately than younger animals, which probably reflects the 
accumulation of stochastic intra- and inter-individual variation with age. The third-order 
polynomial estimate of Moore et al. (1995, 31), which is based on a separate set of known age 
individuals that includes a more even distribution of ages (males and females combined), 
produces an estimate of 110.01 months (9.16 years) for Find V and 98.86 months (8.23 years) for 
Find IX2. Molar rows for the Find II and Find VII dentitions were not complete enough to 
calculate combined wear scores, although the M3 is erupted and fully functional in both 
individuals which, based on modern proxies, indicates an age of at least 2.5 years (Chapman and 
Chapman 1970, 1975). Find II and Find VII are likely younger than both Find V and Find IX, as 
the former show higher crown heights and less severe wear on those molars for which it could be 
scored. The right mandible of Find XV shows fully erupted and in-wear deciduous premolars 
and a partially erupted M1. Björck et al. (2000, 517) provide an age estimate of 2–4 months, 
which is entirely consistent with comparisons of known age individuals from the Zoologisk 
Museum collections. 
 
Because the wear scores strictly apply only to animals living under conditions similar to those of 
the individuals from which the original data were collected, they should not be treated as 
absolute, single point ages but rather as relative estimates to aid assignments into broad age 
categories (juvenile, prime, and old) based on breeding capability and maximum potential 
lifespan. Most researchers consider the transition from “prime-aged” to “old” to be between 
about 50 and 70 % of maximum lifespan (Steele 2005, 414). Life expectancy in modern enclosed 
populations of unprovisioned European fallow deer is around 9–13 years (although females as 
old as 22 years have been recorded; McElligott and Hayden 2000) and male reproductive 
probability declines rapidly after age nine (McElligott et al. 2002). Therefore Finds V and IX are 
best characterized as old adults, while Finds II and VII likely represent prime-aged individuals. 
 
Taphonomic history of the fallow deer assemblages 
 
We explore the formational histories of these assemblages in three phases (Capaldo 1997; 
Marean et al. 2000; Blumenschine 1986; Gifford 1981). The first, referred to as the “recovery 
phase,” reflects how recovery and curation protocols influence the sampling of an assemblage. 
The second is the “non-nutritive phase,” which documents processes that effect bones in ways 
unrelated to the extraction of nutrients (e.g., weathering or trampling). Finally, the “nutritive 
phase” involves agents, most notably humans and carnivores, which process carcasses for 
nutrition. While in theory these phases are distinct in timing, signature, and/or effect, the latter 
two in particular commonly overlap. 
 
2 The regression equation of Moore et al. (1995) was constructed with wear scores of both mandibles combined. For 
Find V, the right M1 could not be scored but was assumed to have the same wear score as the left M1; likewise, for 
Find IX, the left M2 could not be scored but was assumed to have the same wear score as the right M2. 
 
Recovery phase taphonomic history 
 
Overall, it appears very likely, with the possible exception of Find V, that the fallow deer 
assemblages do not fully reflect what was originally present in the sediments at the time of their 
recovery. These assemblages are probably biased towards larger, more complete, and more 
easily recognized skeletal material. It is therefore possible that the missing parts of the 
assemblages included specimens with nutritive phase modifications (cutmarks, percussion 
marks, burning, percussion notches, percussion flakes, and carnivore tooth marks). Short of 
opening up new, systematic excavations at the sites, this point is impossible to address with any 
certainty. It can be said, however, that larger (and thus more likely to be collected) fragments, 
because of their increased surface area, tend to preserve at least surface marks at higher rates 
than do smaller (and thus less likely to be collected) fragments (Faith 2007). Some of the 
breakage observed in the assemblages occurred during the recovery phase, most likely during the 
extraction of specimens from the sediments. 
 
Non-nutritive phase taphonomic history 
 
Processes acting in the non-nutritive phase were the main agent (or agents) of breakage. 
Weathering is known to weaken bones and can thus cause pre-burial fragmentation or make 
bones more susceptible to pre- and post-burial breakage by other processes. Given the low 
overall levels of weathering in the assemblages, however, this is an unlikely agent of breakage. 
In their analysis of the Find XV calf, Björck et al. (2000, 523) suggested that “breakage was 
most likely caused by sediment compaction and loading.” Sediment compaction and perhaps 
gelifraction, coupled with the leaching of organic material during burial, seems a reasonable 
explanation for the non-nutritive breakage in the assemblages, although there is very little 
experimental work in this arena (Guadelli 2008; Marean 1991). Weathering profiles demonstrate 
that the assemblages were not exposed subaerially for an extended period of time, and there is no 
evidence to suggest that fluvial processes transported the assemblages any great distance. 
 
Nutritive phase taphonomic history 
 
No definitive evidence of butchery was identified on any of the fallow deer skeletons, either 
through bone breakage or surface modifications. One point that is made nicely by the ambiguity 
of Mark 1 on Find V (Fig. 12) is how difficult it can be to interpret individual marks even with 
well established criteria for particular mark classes (e.g., cutmarks, tooth marks, etc.). The 
problem here is that diagnostic criteria for particular classes of marks are generalizations based 
on dozens or even hundreds of marks. Just as any one mark within a comparative sample of 
known derivation may not possess all the typical features of that particular class of marks, so too 
may an isolated mark of unknown origin. Compounding this is the likelihood that multiple 
processes were responsible for the various grooves of Mark 1. Nevertheless, while stone-tool-
assisted butchery cannot be totally ruled out as the source of some of the marks on the Find V 
skeleton, the bulk of the morphological and contextual evidence argues against it. 
 
Several other issues need to be considered before the question of human involvement is closed. 
First, poor preservation can make surface modifications difficult or even impossible to identify 
(Thompson, 2005). Although the cortical preservation of the finds is generally excellent, patches 
of bone surfaces, particularly on the Find V individual, are covered by a manganese precipitate 
that could potentially obscure butchery marks. As we have seen, however, most specimens are 
only sparsely covered and the precipitate rarely forms a crust thick enough to totally obscure 
marks. So, if any butchery marks were present on the skeletons, it is likely that at least one 
convincing example would have been identified. Nonetheless, the presence of concealed 
butchery marks cannot be ruled out. The identification of percussion notches, on the other hand, 
is not affected by surface coverage (at least the extent seen among these assemblages), although 
they do tend to occur in relatively low frequencies regardless, even among experimentally 
broken assemblages (Pickering and Egeland 2006). Second, it has been demonstrated that 
selective collection and/or retention affected all the assemblages, which means that the missing 
fragments may possess butchery marks. The final issue concerns Neandertal butchery strategies. 
The lack of cutmarks was interpreted by Møhl-Hansen (1955, 119) as evidence that Neandertals 
did not use stone knives to cut meat from the bones, and the slight differences in breakage 
patterns between Find V and later time periods were thought to reflect a more “primitive” 
method of bone breaking. Rather than initiating several blows along the length of a long bone as 
seen among the Mesolithic and Neolithic material illustrated by Møhl-Hansen, the Neandertals at 
Hollerup apparently utilized a single blow to expose the marrow cavity and, in some cases, used 
their hands to manually fracture bones without the aid of hammerstones. This also could have 
been accomplished by striking a disarticulated long bone like a club against a hard surface, a 
technique that may not produce percussion notches (Noe-Nygaard 1977, 230–231; no mention is 
made about whether such a process creates percussion marks, but this presumably would depend 
on the amount of adhering soft tissue and the composition of the impacted surface). While such 
arguments could potentially explain the lack of butchery marks on the remains, this scenario runs 
counter to more recent research, which indicates that when Mid- to Late Pleistocene Eurasian 
Neandertals butchered medium-sized prey they produced bone refuse with numerous cutmarks, 
percussion marks, and percussion notches (Blasco and Fernández Peris 2012; Gaudzinski 2004; 
Marean and Kim 1998; Miracle 2005; Valensi 2000; Valensi et al. 2012; Niven et al. 2012). It is, 
of course, possible that a combination of small sample sizes and selective retention (as argued 
above) has artificially eliminated any such definitive evidence for butchery in the Danish 
assemblages. 
 
There does appear to have been a small amount of nutritive phase breakage. For those specimens 
with tooth marks such breakage can be explained by carnivore activity. In the absence of clear-
cut butchery or carnivore damage, nutritive breakage is more difficult to account for with Find 
V. Given the preponderance of non-nutritive breakage on the skeleton, it is possible that the 
other breakage, while appearing nutritive, actually took place well after the animal died and was 
in fact not associated with nutrient removal. It is known that the ambient environment is critical 
in determining how long a bone will retain “green” fracture characteristics when broken. Karr 
and Outram (2012), for example, found that experimentally frozen (−20 °C) bones can retain 
some green fracture features for 60 days, while bones subjected to an artificial hot and dry 
(40 °C) environment degrade very quickly and show very few green features after only 1 day. In 
a study of bones fractured via non-nutritive processes in temperate environments, Haynes (1983, 
111) observed that “spirally fractured long bones have been found in open and dry grassland, but 
they are more numerous in well-shaded and moist areas such as woods, parkland, and thick grass 
sedge meadows, or in wet areas such as pond and lake bottoms or stream crossings, where the 
deteriorating effects on bones of ex vivo weathering are considerably reduced, and where there is 
heavy bison traffic. Bones in the latter areas eventually disappear into the mud due to continued 
trampling. Many fractured bones possess a spiral fracture edge offset by a linear section of 
fracture edge, thus exhibiting attributes of two kinds of breakage.” This observation mirrors very 
closely the situation seen at Hollerup (a lake environment) and on the Find V skeleton in 




It seems that the fallow deer carcasses experienced little or no modification by nutritive phase 
agents and, in cases where they did, it was carnivores that were responsible. Coincidently, the 
tooth-marked bones provide the only definitive evidence of carnivores’ presence in Denmark 
during the Eemian, as their fossils are absent in deposits of that age (Aaris-Sørensen et al. 1990). 
Although the size of tooth marks has been shown to reflect at least the size of the carnivore 
responsible (Domínguez-Rodrigo and Piqueras 2003), the sample size of measureable marks 
from the fallow deer assemblages is simply too small to be meaningful. For the one find that 
appears to have been collected in its entirety (Find V), the vertebrae and long bone epiphyses are 
largely intact. The Find XV calf also preserves several vertebrae and unfused epiphyses. These 
portions, because of their low structural density and nutritional value, are regularly deleted by 
carnivores (Pickering et al. 2003), and a 3-month-old calf could easily be devoured completely 
by a medium- to large-sized carnivore (Pobiner and Blumenschine 2003; Stiner et al. 2012). This 
suggests that in the vicinity of the Hollerup paleolake (1) carnivore density was low and 
herbivore density high, the result being less intense competition and thus lower levels of carcass 
destruction (Faith and Behrensmeyer 2006; Faith et al. 2007; Selva et al. 2003) and/or (2) the 
carcasses were largely unavailable to carnivores. Perhaps, as Björck et al. (2000, 531) speculate 
for Find XV, these animals drowned well out in the lake while walking on weak ice. This is 
certainly possible, as the calf’s age and a June–July birth (Chapman and Chapman 1975) point to 
an August–December death. None of the antler fragments from Hollerup are naturally shed, 
which indicates mortality for those individuals between September and April. 
 
What is interesting about the Hollerup paleolake in particular is the presence of at least eight 
fallow deer (currently representing the northernmost occurrence of the species in the Pleistocene; 
Pfeiffer 1995), all from the same stratigraphic layer. Low levels of weathering and a lack of 
smoothing indicate that most of the individuals were not exposed for an extended period of time 
and were deposited near where they died. It is known that lakes are hotspots of biological 
activity and, relative to the surrounding landscape, bones tend to accumulate at higher rates 
around water sources via drowning, predation, and drought (Behrensmeyer 1987; Haynes 1988; 
Hutson 2012; Capaldo and Peters 1995). It therefore seems that Hollerup, and the other Eemian 
lakes throughout Denmark where faunal material is preserved, naturally attracted herbivores and 
carnivores and thus proved to be particularly favorable to the natural accumulation of bone. 
 
Eemian lakes elsewhere in Europe also appear to have played a similar role as magnets for bone 
accumulation. For example, at Neumark-Nord 1 in Germany, which is one of a complex of sites 
scattered over hundreds of square meters within two Eemian-aged lake basins, the skeletons of 
over 100 fallow deer (in addition to several other species), many of which were more-or-less 
complete, were recovered from lacustrine sediments (Mania et al. 1990). Several individuals 
show dorsal flexion of the head and neck, which results from perimortem overcontraction of the 
dorsal muscles following a central nervous system insult (e.g., hypoxia) just before death (Faux 
and Padian 2007). The retention of such a position strongly suggests in situ deposition with little 
or no influence by other taphonomic agents prior to burial (Gaudzinski 2004). On the other hand, 
stone tools were recovered from the lake margin and there is evidence in the form of definitive 
cutmarks that at least some of the deer carcasses were processed by humans. While it has been 
suggested that the deer were intentionally herded into the lake by Neandertals, others interpret 
the remains as natural deaths, perhaps the result of toxic bacterial blooms (Braun and 
Pfeiffer 2002). Regardless of how the carcasses were deposited (see Kindler et al. 2010; 
Mania 2010; Meller 2010 for recent work at Neumark-Nord), it seems that the paleolake at 
Neumark-Nord, like that at Hollerup, drew biological activity and thus promoted the deposition 
of bones. 
 
Neandertals in Scandinavia and the colonization of northern latitudes 
 
Prior to Møhl-Hansen’s study, a number of flakes as well as chopper- and handaxe-like artifacts 
recovered throughout Scandinavia were considered to be Middle or even Lower Paleolithic 
implements (Højrup 1947; Bjørn 1928; Mathiassen 1935; Berthelsen 1944; see Fig. 3). Their 
surface context, however, ensured that these claims received little serious attention. What made 
the Hollerup evidence so intriguing was its secure stratigraphic context. In fact, Møhl-Hansen’s 
publication created something of a sensation that eventually found its way into Denmark’s 
museums. Additional claims of pre-modern human lithic material followed on the heels of the 
Hollerup study (see Johansen and Stapert, 1996 for a critical review of this evidence) but, again, 
none of these finds could be fixed stratigraphically. Similar interpretations of what were often 
heavily rolled specimens from northern Germany were met with harsh criticism (Prufer 1956; 
Hachmann 1974), and many candidate lithics from that region have since been discounted 
(Baales et al. 2000; Schwabedissen 1970). 
 
Glacial deposits in southern Scandinavia are extremely rich in flint, which makes it difficult at 
times to distinguish geofacts from artifacts (Petersen 2008). To complicate matters further, 
choppers and rough handaxe-like implements were used to open oysters during the Mesolithic, 
and late Neolithic/early Bronze Age bifacial preforms can easily be confused with handaxes 
(Schwabedissen 1968; Troels-Smith 1995) (see Fig. 23). Some have gone as far as to suggest 
that most if not all Scandinavian handaxes are in fact such preforms, referring to these pieces as 
“archaeology’s flying saucers” (Glob 1963) and “dangerous flints” (Glob 1972, 18). The 
application of microscopy-based methodologies cast further doubt on the age of most of the 
candidate lithics although, somewhat ironically, the handaxe-like implement referred to by Glob 
(1963, 1972) as a definitive example of a later prehistoric preform did stand out as possibly 
Middle Paleolithic in age (Johansen and Stapert, 1996). While genuine Middle Pleistocene-aged 
lithic material is known from nearby northern Germany (Hartz 1986; Hartz and Fiedler 1997; 
Hartz et al. 2012), these too have been interpreted in reference to the evidence from Hollerup. 




Fig. 23. Candidate handaxes as proposed by Becker (1971) from the sites of a Villestrup 
and b Fænø in Denmark. Late Neolithic/early Bronze Age preforms of bifacial tools from the 
workshop site of Fornæs (c and d). The latter were used by Glob (1972) to argue against the 
antiquity of the Danish handaxes 
 
What, then, can be said of the human occupation of southern Scandinavia during the Eemian in 
particular and what, if anything, can it tell us about human adaptations? Sparse, but definitive, 
traces of human presence during the Eemian are recorded in Central Europe, although the 
northernmost site, Lehringen, is located approximately 400 km south of Hollerup. Eemian 
environments in Denmark appear, in general, to be very similar to nearby (and unquestionably 
occupied) areas. In terms of vegetation, Turner (2000, 222) observed that “[t]he most striking 
features of pollen diagrams from the Eemian is the strong parallelism in vegetation development 
right across Europe from the Massif Central, across the North European plain to Poland and 
beyond.” This observation also applies to Denmark, which shows the general pattern of 
vegetation dominance and succession seen throughout most of northern Europe over the course 
of the Eemian: the initial spread of woodland and forest, mainly Betula (birch) and Pinus (pine), 
after the end of the Saalian, the appearance and expansion of temperate deciduous forests, 
mainly Quercus (oak) and Corylus (hazel), the arrival and rapid expansion 
of Carpinus (hornbeam), and, finally, the rise of boreal forests composed of Betula, Pinus, 
and Picea (spruce) just before the onset of the Weichselian (Björck et al. 2000; Gibbard and 
Glaister 2006)3. In terms of overall vegetation structure, therefore, sites such as Hollerup were 
broadly similar, though certainly not identical, to neighboring locales. For example, Scandinavia 
appears to have been beyond the northern limit of taxa such as Abies (silver birch), which, 
although cold-hardy, is sensitive to late spring frosts4. 
 
In regards to major climatic parameters, simulations based on general circulation models indicate 
that during the most temperate (and earliest) phase of the Eemian, central Jutland experienced 
slightly cooler summers, less severe winters, and lower precipitation than northern Germany, a 
pattern that largely mirrors modern gradients (Table 11). Paleobotanical indicators dating to the 
early Eemian suggest that central Jutland experienced minimum mean July temperatures 
approximately 1 °C lower than and minimum mean January temperatures about equal to those 
documented in the areas near Lehringen (Aalbersberg and Litt 1998). Although potentially 
important in terms of local ecology, these differences are much less pronounced than those seen 
 
3 In fact, this pattern differs little from the pollen zone scheme originally proposed by Jessen and Milthers (1928), 
which was based partly on Eemian-aged lacustrine deposits in Denmark. 
4 While Abies is present at Monmark in southern Denmark, Gibbard and Glaister (2006, 343, 346) argue against its 
autochthonous origin. 
between northern Germany, which was within the Neandertal range, and areas further to the 
south (Aalbersberg and Litt, 1998). It therefore seems unlikely that these relatively minor 
dissimilarities played a significant role in limiting the expansion of Neandertals into Denmark. In 
fact, if they did indeed have trouble dealing with the dense interglacial forests of Central Europe, 
the more sparsely forested areas of southern Scandinavia may have offered them a cryptic 
northern refuge (cf. Stewart and Lister 2001). 
 
Table 11. Modern and reconstructed Eemian climatic parameters for central Jutland and northern 
Germany 
  Central Jutland Northern Germany 
Modern Eemian Modern Eemian 
Max. temperature, Aug. (°C) 18.9 21.4 22.0 23.6 
Min. temperature, Aug. (°C) 12.1 13.2 11.6 12.7 
Mean precipitation, Aug. (cm) 66.0 73.0 74.0 77.0 
Max. temperature, Jan. (°C) 2.8 0.5 2.7 −0.4 
Min. temperature, Jan. (°C) −5.9 −0.4 −2.3 −9.0 
Mean precipitation, Jan. (cm) 56.0 36.0 55.0 43.0 
Modern and Eemian values were calculated in ArcGIS 10.0 using the spatial analyst tool and were based on the 
WorldClim monthly temperature and precipitation grids. Modern values are 1950–2000 averages (Hijmans et 
al., 2005), while the Eemian values are reconstructed for the very beginning of the interglacial period (Otto-Bliesner 
et al., 2006). Hollerup and Lehringen were used as the anchor points for central Jutland and northern Germany, 
respectively 
 
One reason to suspect that the region was not favorable for human settlement, however, is the 
fact that mainland Denmark was isolated by a shallow waterway during parts of the Eemian 
(Larsen et al. 2009). In addition to the potential physical barrier to colonization, the effects of 
island insularity appear to have resulted in relatively low mammalian diversity. It is important to 
note that diversity during MIS 5e in Denmark is likely underestimated, as most species are 
represented by fewer than ten finds (Aaris-Sørensen et al. 1990, 27). Carnivore fossils in 
particular are completely absent from Eemian-aged deposits, the only evidence of their presence 
being the tooth marks identified by Møhl-Hansen (1955, 117) on one bone from Hollerup and the 
additional marks documented in this study. Nevertheless, the differences between the Danish 
record and the rich communities of Central Europe or even the somewhat less impoverished 
British Isles are striking (Table 12). Mammalian species diversity is known to correlate with 
population densities among modern hunter-gatherers and it is likely that the same relationship 
held for prehistoric hunter-gatherers (Morin 2008). So, one might argue that a peripheral 
geographic position, reduced faunal diversity, and partial isolation by water were sufficient to 
discourage human occupation of the region, as it apparently did for many other European 
mammals. A broadly analogous geographic and environmental situation can be found during 
MIS 5e on the British Isles, which itself was intermittently cut off from the European mainland, 
and arguments based mainly on geographic isolation and low human population densities in 
northwestern Europe have been made to explain the absence, or at least extreme scarcity, of 
Neandertals there (Ashton 2002; Ashton and Lewis 2002; Lewis et al. 2011). The analysis 
presented here thus supports the notion that large bodies of open water represented difficult if not 
insurmountable barriers to European Neandertals. While this does not contradict suggestions that 
movement along coastal areas was an important factor in the colonization of northern Europe by 
Neandertals—perhaps up to and including southern Scandinavia (Cohen et al. 2012)—it does 
imply that movement across attendant waterways was not a common occurrence. 
 
Table 12. Mammalian faunal communities of northern Europe, the British Isles, and Denmark 
during MIS 5e 
  Region 
Northern Europe British Isles Denmark 
Taxon       
LAGOMORPHA 
Lepus europaeus X 0 0 
L. timidus 0 X 0 
RODENTIA       
Castor fiber X x X 
CARNIVORA 
Canis lupus X 0 0 
Crocuta crocuta X X 0 
Felis lynx X 0 0 
F. sylvestris X X 0 
Lutra lutra X 0 0 
Martes martes X 0 0 
Meles meles X X 0 
Mustela purtorius X 0 0 
Panthera leo X X 0 
P. pardus X 0 0 
Ursus arctos X X 0 
Ursus spaleaus X 0 0 
Vulpes vulpes X X 0 
PROBOSCIDEA 
Palaeoloxodon antiquus X X X 
PERISSODACTYLA       
Equus hydruntinus X 0 0 
Equus sp. X 0 0 
Stephanorhinus hemitoechus X X 0 
Stephanorhinus kirchbergensis X 0 X 
ARTIODACTYLA 
Alces alces X 0 0 
Bison priscus X X X 
Bos primigenius X 0 0 
Capreolus capreolus X 0 0 
Cervus elaphus X X X 
Dama dama X X X 
Megaloceros giganteus X X (X) 
Sus scrofa X X 0 
Hippopotamus amphibius * X 0 
Bubalus murrensis * 0 0 
PRIMATES 
Homo sp. X 0 0 
Data from van Kolfschoten (2000), Currant and Jacobi (2001), and Aaris-Sørensen et al. (1990). X = presence; (X) = 
presence in secondary deposits presumed to derive from Eemian land surfaces; x = presence based on gnawed wood; 
* = absent from Central Europe but abundant in the Rhineland and regions to the west; 0 = absence. 
 
The reanalysis of the Danish fallow deer material and weaknesses in the lithic evidence indicate 
that there is currently no solid support for a Neandertal occupation of the region. It is, however, 
important to reflect on how demographic, geological, taphonomic, and research-historical factors 
unique to Denmark may have biased or otherwise influenced its Paleolithic record. Because 
southern Scandinavia likely represented either a “zone of periodic extinction” or even a “zone of 
sterile invasion” (sensu Roebroeks, 2006, 429–430) far removed from Neandertal range center(s) 
within Europe, it is probable that, even if the region was inhabited, population densities would 
have been extremely low. Coupled with the fact that most Eemian-aged sites in nearby northern 
Europe sample low intensity occupations (Gaudzinski-Windheuser and Roebroeks, 2011), this 
means that any Neandertal traces in the region may be scarce even under the best of 
circumstances. While Eemian-aged geological localities are not a rarity in Denmark (see Fig. 3), 
it is also important to point out that none have yet been subjected to archaeological 
investigations. This is at least partly due to the traditional dominance of later prehistoric and 
medieval archaeology in Denmark. Therefore, very little systematic research in the country has 
been carried out with a mind towards the Paleolithic. What is more, many of the country’s 
Eemian locales consist of shallow marine deposits rather than the sorts of depositional 
environments typically associated with human activities (e.g., lake margins). All of these factors 
should be seriously considered before a Neandertal presence in the region during the Eemian is 
rejected out of hand. Tantalizingly, some of the verified Middle Paleolithic finds from Germany 
mentioned above lie north of the Eemian waterway that separated Jutland from continental 
Europe (Fig. 3) and have tentatively been assigned a post-MIS 5e date (Hartz et al. 2012). While 
typological parallels can be misleading, the morphological similarities of the bifaces in these 
assemblages with those dated to MIS 3 in the British Isles (White and Pettitt 2011) may hint at a 




The fallow deer assemblages from Hollerup have traditionally been interpreted as 
“uncontestable” (Holm, 1986, 76) evidence for the presence of humans in Scandinavia during the 
last interglacial. The taphonomic reanalysis of Hollerup and other Pleistocene fallow deer finds 
presented here calls this inference into question, as there is no definitive evidence that humans 
played any role whatsoever in the accumulation of the skeletons at any of the sites. Candidate 
Middle Paleolithic implements lack clear stratigraphic context and can potentially be confused 
with either geofacts or artifacts from later time periods. Therefore, there is at present no 
indication that Neandertals occupied southern Scandinavia during MIS 5e. A combination of 
latitude, an impoverished mammalian fauna, a wide (if relatively shallow) water body, and small 
source populations may have made the colonization of southern Scandinavia by Neandertals a 
difficult, and ultimately unsuccessful, venture. Future research aimed at the identification and 
systematic excavation of Eemian-aged deposits will reveal whether this conclusion needs 
revision. In addition, modeling-based approaches (Banks et al. 2006, 2008) may assist in better 
delimiting Neandertal niche space during, as well as before and after, MIS 5e, and large-scale 
survey projects to the west of the maximal Weichselian glacial advance (like those recently 
conducted with success in the Netherlands; Niekus et al. 2011) may ultimately produce new 
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Appendix 
 
Table 13. Osteometric data (measures in millimeters) from Danish assemblages 
Element (Find) GLP GB LG GB Bd BT Bp BFd BFp BPC LO DPA Ddl Ddm GL Dm GLm GLl Dl GLpe 
Scapula 
Find V 43.46 – 33.06 – – – – – – – – – – – – – – – – – 
Find V 43.40 – 33.62 29.24 – – – – – – – – – – – – – – – – 
Humerus 
Find I – – – – 44.47 37.79 – – – – – – – – – – – – – – 
Find V – – – – 42.31 – 50.99 – – – – – – – – – – – – – 
Find V – – – – 42.39 – – – – – – – – – – – – – – – 
Radius 
Find V – – – – – – 40.22 34.00 36.29 – – – – – – – – – – – 
Find V – – – – – – – 33.94 – – – – – – – – – – – – 
Ulna 
Find V – – – – – – – – – 20.33 – – – – – – – – – – 
Find V – – – – – – – – – – 51.72 35.07 – – – – – – – – 
Fused 2 + 3 carpal 
Find V – 19.50 – – – – – – – – – – – – – – – – – – 
Metacarpal 
Find V – – – – 29.30 – 28.51 – – – – – 19.83 19.71 209.16 – – – – – 
Find VI – – – – 32.50 – – – – – – – 22.29 21.72 – – – – – – 
Find VI – – – – 32.51 – 32.03 – – – – – 22.34 21.75 229.23 – – – – – 
Tibia                                         
Find V – – – – 35.46 – – – – – – – – – – – – – – – 
Find VI – – – – 38.11 – – – – – – – – – – – – – – – 
Find IX – – – – 33.93 – – – – – – – – – – – – – – – 
Find XI         37.93                               
Find XIV – – – – 39.02   – – – – – – – – – – – – – – 
Astragalus 
Find VI – – – – 28.21 – – – – – – – – – – 25.43 41.78 42.87 23.85 – 
Find IX – – – – 24.59 – – – – – – – – – – 22.66 37.08 37.54 20.60 – 
Fused central + 4 tarsal 
Find VI – 34.89 – – – – – – – – – – – – – – – – – – 
Find IX – 31.50 – – – – – – – – – – – – – – – – – – 
Element (Find) GLP GB LG GB Bd BT Bp BFd BFp BPC LO DPA Ddl Ddm GL Dm GLm GLl Dl GLpe 
Metatarsal 
Find V – – – – 31.30 – – – – – – – 20.86 20.51 – – – – – – 
Find V – – – – 31.06 – 27.40 – – – – – 20.73 20.41 – – – – – – 
Find VI – – – – 34.54 – – – – – – – 22.72 22.46 – – – – – – 
Phalanx I 
Find V – – – – 13.36 – 14.72 – – – – – – – – – – – – 42.71 
Find V – – – – 13.42 – 14.65 – – – – – 22.29 21.72 – – – – – 43.11 
Phalanx II 
Find V – – – – 11.88 – 14.16 – – – – – – – 18.81 – – – – 28.37 
Find V – – – – – – 14.07 – – – – – – – – – – – – – 
Measurements after von den Driesch (1976) 
